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ABSTRiCT^ ' ^' 

In a recen.t nortC, Catlin and Jones (1976) argued *tbat 
the sentence picture cofparison lodel of Carpenter and Just (>975) 
could ,not account for the results obtained in st^udies nhere the * 
picture precedjsd the sentence. In the present noteV it is argued that 
the BOdel can h^n^le the result^ without addictg additional paraa^ter^ 
and that the Carpenter and J^st proposal regains a viable theojjr of 
sentence picture coiparisons. (Author) ^ 
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Choosing a Model of Secuerice Picture Comparisons: 
A Reply to Catlin and Jones 



Perhaps the most highly developed models of ^'ejitence \^omprehens ion 

are the senterfce pictureVcomp^ri son models. .Both the modeT of flark'and 

/ » 
Chase (1972)- aad the canst i tuent, cpmp^ri son .model of Carpenter and Just 

(1975) focus primaril^ on the question of how people compare' i nforrr^at i on^ 

in sentences with tWat presented in^pictures/ More generally, However; 
/ • 

these models'Seek ko identify how people decide if the presented infor- 

mation is cons i strent^ wi tK^the i r pri6r knowledge. Thus while th^ experi- 
X '» ' / 

me^^tal Investigations df these models hsve cortcent rated heavily on some 
Wther-^^iA^ple /entence picture comparisons, both models are podels of 

r ' / ' , . , 

_ «e^^^'Hce comprehension an<3 not just modeVs ofx the sentence picture task. 
Indeed, both /theoret i f al papers devote considerable attention to the^gen- 
er^l izabi I i t/y of the i^r respect i ve models. As the problem of sen tence^C'Om- 
prehension /is clearly basic to m^ny areas of psychology , evidence favoring 
ope of thefee models over the other is partfcuUrly important. 

.In a/recent note, Catlin and' Jones (1976) contended ,that -^he Con-' 
^tituent /comparison ftiodeT of sentence verif iCaf^ioTs-siiould not' be re- 
jarded at.a, vfable modej of, compr^ension. / th^i r major argument against 

the tarfJehter/'and Just. (1975) mod^l is that while. one aspecfof the fitted 

• i 2 • • - • 

' model (rfieqation time) remains relatively coorstant across tasks, a second . 

. aspect /(falsi flcarion time) does not. In examining the available data 

on sentence picture comparisons^ CatlifJ and Jones correctly noted a , 

systematic difference between studies in which the sentence preceded the 



ERIC 



3^ 



f Sentence Picture Comparisons 

picture and those in whicK the picture preceded the sentence. More , 

specifically th$ ratio of nefl^ation ti^^e to falsification time (NT/FT) 

is 4:1 in the sentence first condition and 2:1 in the picture first ' . 

condttvl-on. Catlin a^cl Jones further noted that thi^s change in ratio 

results from a change in falsification time. This finding contrasts 

t 

with the suggestion of Carpenter^ and Just who attribute the change in 
ratio to a 'change in negation time. ' ' ' . 

While this finding does pose a problem for the Carpenter and Just' 
model, it will be argued' in the present note^that the *cons t i tuenf com-* 
parison model can predict the difference iij falsification time- by adding ^ 
'asingle *assumpt ion and wi thout adding a single parameter, thereby 
* atjenuating 'the force of/ the Catlin and* Jones critique.' Moreover, CatTIn 
^and Jones appear to have overlooked the best sinfle p i ece of ev i dence to 
support th'eir contention, which is the binding that f a»l si f i ca t i on time 
fgr picture first experiments using 7below" i s i n tact 'nega t i ve , resulting^ 
in ^negative NT/FT ratio (Clark & Chase, 1972). Following Catlin and 
Jones, falsification time and nega t i orj ' t ime are used here as empirical, 
not theoretical, constructs. ^n'r>e1theY the Clark and Chase model nor 

'the Carpenter and Just model do* aery of the, parameters have the un.cjfes i ra'bl e 

^ • ' * 4 ' ' 

and implausible attribute of being less tnan z^ro milliseconds. 

Ta^bles 1 and 2 present the results frFom Experiment 2 from Clark and 
Chase (1972). In one part of this study, subjects w6re required to read 
a sentence, . such as "^e stan is above the plus,*' and then examine a 
picture, such ^as ( ). Subjects then had to'decide if the sentence was 



1/ 



Sentence Picture Comparisons 



an accarate descr i pt i on 'of picture. In the other p^rt of the 
experiment, subjects a\so^hi6 to decide Jf the sentence njatched the 
picture, but the p i ctu^r^/ preceded th^ sentence. For the sentence 
* ^firs^ condition, theyf-esults for both the *'above" and the "below" conrr 
dition exhibVt an^ ^^T//^^> ra t i o that isxoughly In contras*t, the 

, picture first remits exhibit a marked dependence on type of preposition. 



/ Insert Tables V ahd 2 about here 

■ '/'' !...'.„..--.- -1-..-:- 

- in the "a/ove" condition, the NT/FT ratio is, 2:1 (negation time = 528 
msec;- falsification time = 30h msec) -but in Jthe "below" condition, the 
ra^o is qegat i ve (negation time = kQ] ms^c, falsification time = -121 
msec)» 'Where the'change in ratio is mainly due to the change falsifi- 
cation tinie. At 'first glanc^, these results seem directly at odds with 
the'' const i tuent pomparison model ? as there is no provision in the model 
for a negative f a 1 s i f i ca t i on t i me . ♦ j 

Mfere general ly, 'Car-penter aftd Just do not" deal ft\ th the pict/ure 
first* case in sufficient detail. In the experiment just described, 
the distinction between sentence first and picture first is important, 
as Clafrk and;Chase noted. When the sentence priecede^s the picture, the' 
sentence can guide the coding of the picture-so that 4:he grammatical 
subject.^ (as in Clark ^and Chase) or prepositions matcli. When, the picture 

is, fiVst, however, the coding of th/2 picture Is necessarily itidependent 

^- - ' - - ~ -- ^ ' - - , 

yOf the sentence.^ In this latter.case, the Carpfenter .and Just model is 
• *-. , « 

inc<5mplete irv that they do not descrJtfe how tfie' ^ i cture ^ i s encoded. 
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Moreover, assuming the picture is coded as '(Plus ab6ve star)* how does* 

the subject' determine t^hat this representation of the pjctufe in fact; 

ma tches '(Star below plus), the *represehtation of the sentence? 

Thus, it seems that'Cat^Jih and Jones are corrept wh*n they* assert 

that the Carpenter and J\jst treatment of gicture first results is in- 

y • • 

conQplete. But tKis inadequacy does not necessarily mea^i that the 

theory is empirically wrong, ^fn fact"^, qu i te -reaspnab^e assumptions*, 

similar to those made by Clark and Chase, will enable the Carpenter 

and Just model to'account for the problematic f-esult^s. 

These additional assumptions deal with the n^eed for recoding ih 

the picture first condition, and produce np alteration in the predic- 

^ ' 3' 

tions jn the sentence f i rs t «cond i t i on . In facti^ these assumptions 

are similar in spirit to the ones Hhich Carpenter and Just themselves 

propose to handle cases where subjects convert negative sea*^nces into 

affirmative ones. The hypothesized represeriy t i ons , comparison pro- 

cesses*, and predictions of NJ/FT for the sentence first condi'tion are 

y iven* in Table 3- . ^ 

The assumptions for^the sentence first condition arfe identical 

to the ones originally proposed byCarpenter and Just. (1975)- "V^e ^ 

septendes are represented as shown i-n Table 3 and the processing* pro- 

ce^^ds outwarj*from trie most embedded component. The major assumption 

is that process i ng^ ce^tj nues until a mismatch rs detected. At this 

pointy the mismatch \^\aqq^^ and processing begins again at trte mostr 

embedded constituent/ The number of restarts is an important c^erminer 

of diffi.cwlty; true negat i yes are the most difficult conditlcin and they 
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require the most resf¥rls. Similarly, t>tte impiortance of the pjace at 
which* the mismatch is detected rs evident in a comparison of the false 
"af f i rmat i veS wi th the «f al se nega t i ves^ - , * . 



Ins^rf Table 3 about here ^ 



^ The predictions generated by these assumptions may be compared to 
the results in Tables 1 \and 2 and to the ^tujdies surveyed by Catlin and 
Jones (p, 498). While the f^T/FT- i^at ios observed in Tables^ and 2 exceed 

considerably, U should be noted that these results -are among the 
highest for studies of this type. Furthermore, small differences in 
falsification time have a profound Influence on the NT/FT ratio. For 
example, an increase of ^5 msec in FT for the sentence first results of 
Tables 1 and 2 would reduce, the tv^ NT/FT rali^os to 3-77:1 and 4.29:1. 

In the sentence first condition, we allowed the coding of the sen- 
tence .to guide the coding of the picture. When the picture occurs first, 
we must make different assumptions. Following Clark and Chase, we wiH I 
assume that the picture is always coded in terms of tKcT'ljhmarked or pre- 
ferred preposition (i.e., above) and that in order to oompare inner , 
strings, the grammatical subjects mu^t match. For example, if the pi,c- 
tare {^) ' i s *fol lowed by the sentence '^The plus is above the st^r," the 
picture will be encoded ^s (Star' above pICis), and the sentence code > 
T(Plus above star) must be recoded to T(Star below plu's). Finally, it 
is assumed that the detection of -the need to recode and the recodrng it- 
*self take time. --Consistent with the notions of m^rkedness (Clark Cha'se, 
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19^2), it is assumed further that it requi-res two recoding steps to con- 

vert the linguistically more cpmplex bejow to above , but only one step to 

convert the s impler ' above to be 1 ow . To pre^^fwe the spirit of the far-^ 

penter and 'Just model, we will also add the extremely restrictive assump- 

tion that eatk conve rs i on operation requires the same amount of time as 

one . compa r i son operation. 

As these two assumptions are Cf'itical to the ^(^di,ctions derived 

below, one might reasonab^ly ask if they have any support. With respect 

to the first assumption; Carpenter and Just note in their original paper 

(p. 65) that equating the time required to convert a constituent wi\h the 

time requTred to compare constituents produced a very gpod fit of the 
* * 

model to the data. ^Thus the recoding assumption 1% not real^ly a new assump 

tion; it js merely an applicatipjt of an old assumption to a new context. 

Th^ truly new assumpt i oa Is that it^ is more difficult to recode below than 

above . One possible source of evidence on this question is free assocla- 

tion norn>s. If it were the case that bel ow' was a more common associate* ' 

of above than above was of be I9W , then we would have some evidence for 

our assumption. Unfortunately, it was not possible to find norms for 

both these terms. Consequently, two classes were asked to write down ^ 

/ 

their first a'ssociata of one of these prepositions. In the class asked 
to associate to above , 86.5 percent of the students gave . be low as their 
,fi'i^st associate. In contrast, only 55-3 percent of the students in the 
class asked for an assdciate of ^^om gave abdve as their fiFSt response. * 
This difference was hig>ilx rel iable (z « 2.97, £ < -003) . Whi le these 
results provide evidence that below to above is the harder recpding, 
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there i'S no evidence that th4S operation's exactly twice as difficult 
as recoding above t«o below. Moreover, it may be that other such pairs 
will ^sjiow a different pattern, nonetheless, while. the ratio of difficu 
has no empirical support, the#re is some evidence that the assumption of 
d i f f erenti*a I * d i f f i cu I'ty M rea sonab I e . 

/ ■ . 

These assumptions, very similar to ones made by Clark and (^a^e, 

* » 

enable us to derive pr^dictioi^ for the processing of picture first ' 
comparisons, whTch are shown in Table 4. It is important to notice 
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thr^e attributes of Tabie k. First, negatives are represented just 
as they. were in sentenc^f i rs-t Gompa r i sons (cf. Table 3)>' There is 
no need; with the present assumptions, Xo assume that which l-epresen-*^ 
tation tomes first affects the treatment of the /lega t i ve . Secondly, 

despite the fact that negatives are always represented in the same^way, 

\ 

the derived NT/FT ratio, for the ''aboves" is only , as it« should be, 
and, consistent wjth the data summarized ^Catlin and^Jones, the' 

decrement in the* ratio derives from an increase in f a Ts i f i ca 1 1 on time. 

,# 

Lastly, this epcpanded model predicts the negative falsification time 
for t/ie "below'' condiTton, which^is a|so evident in Table 2. 

In the picture first condition, the times predicted by the revi'sed 
m9del-will depend largely on ^Ifether* recoding is required or not. When 
the sentence contains ''above," the derivation of the predictions is 
shown Mn- the top half of Tab'l e True affirmatives (TAs) will 
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be.'^ast, since the grammatical subject of both th& sentence code and the 
picture code is the same, and, as a consequence, the two ^epreserttat ions 

conjpirisons are required. In th^ .false affirmatives (FAs)., recoding 
IS necessary 'as the piK:ture is represented as If^lus above stac) -anil the 
sentence as T(Star above plus). Following our assumption/that grammati- 

,. ■ , • ■ / M . 

jcal subiects must match before strings car/ be compared, (Star above plus) 
must be receded as (Pigs below star). Since we also assumed that the time 
requiVed Xb detect the need for and to perform the recoding was equal to 
one cOmparl son ^ in the "above" case), FAs thui require k 2 comparisons. 
The predictions for negatives ar^ derived in the same way. Notice that 
'in/all cases the sentences are represented just as they were in the sen- 
^nce first condition. For false negatives (FNs) no recoding is required 
siT\ce the subjects of the inner strings rnatch. The compajnson process 
therefore proceeds as in the sentence first conditibn and k k compar i - 
sons are required. In the true negative (TN) case, the ^cture is coded 
as (Plus above star) and the sentence as F(T[Star above plus])-; ' Since 
the inner string"^, do not have the same subject, recoding must occur. As 
'noted abov^, this recoding operation from above to below is as'sumed to 
requiYe cfM y one comparison. After the recoding, the comparison pro- 
ceeds as in the sentence first conditfJn and thus the total* number of* 
caparisons r;equired is k 5 ^ J (for the recoding) or k_j|_6\compari sons . 
The derivation for, negation time 'and falsification time is^shown 

f • . 

at- the bottom of Table Negation time remains the same as in the 
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sentence- f i rs t condition, but falsification time doubles, flffs is ' \-- 
precisely the rfesul t observed by Cat! in and Jones. . . 

" F5T'th6 "beldw^' case, thfe prediction^ arf the revense of the "above** 

case in that recoding must occur in TAs and PNs, but not in FAs and TNs. 
For the TAs, the subjects of the inner strings .do not match, and thus, 
using the example given in Table ^,*(Star beTow plus) must- b^, racodefl y 
as (Plus above star) before t)ie comparison process cao begin. Following 
our earlier assumption, the time required to detect the need t<5 recode^ ^ 
and to perform the recoding operation in this '*^low" condition rs equal 
'to two comparisons. Therefore, the total time needed to solve a "below" 
1^ ^ comparisons. For FAs, the number of comparisons r^equired is 
identical' to tjie number required in the sentence first cond i t ion , ^k 1 . 
Note that jsince no recoding is required, we predict the counterintuitive 
and seldom noted fact that FAs are faster than TAs ^in this case. 

A similar pa^ttern holds for the below negatives. FNs must be recoded, 
requiring two additional comp5Vis^ns to convert (F^T(P"lus below star)]) 
to (F[T(Star abc*/e pi us ) ]) , resul t i ng in a tot/l of k 6 compar i sons . 
For TNs, no recoding is necessa ry" ^ i nee the/inner string suljjects match, 
and hence k + 5 comparisons are^required as in the sentence first das^s. 

'This a'nalysis enables us to predict the "below" results'of Table 
2. In'addition, the revised model predfcts an NT/FT ratio of ^:-1 whicN 
is almost exactly the result found by Clark 3nd Chase. The present re- 
visiph of *the constituent comparison model is thus able to handle the 
negative NT/FT ratio'in the pictur'e first below condition and also the ' 
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major ott>j'ec?i.or^ ralsejd'tjy Cd,t^l4n and Jones^ pamely, that falsification 



tiwe, but ndt''a#9a<tXon- tE1me*. fchange-s. wj th- which 'st imul us^i s. pr*esented 
first, moreover, thie ad^d assumptions do not require additional para- 
meters to be added'' to the model. » ' .. ' 

/ - * ^ ^-^'/*- 

/ It is also reasonable to a-^k how well the revised model fits availr 
able data. Here specifically, do the additional assumptions enable the 
revjsed constituent comparison model to a'chieve a quantitative fit of " # 
the Clark and Chase picture first (19"72) data presented in Tables 1 and ^? 

,.We can a^ttempt/to fit the^data in two ways: following. Carpenter and 
Jgst, we can fit the mode T separate fy for "afiSve" and ^elow," or we (fan 
perform a mdtl^ s t r i ngent^test of the model'W trying to^fit the "above'* 

. and "b«low" data together. The fit^of.'the model in this lattrer, more, 
exacting, test is shown- in Table 5- This overall fit accoints for 37-^% 
of the variance among the eight means. Even v^ith the relatively large ^ 

, number of data points (Carpenter apd Just typi cal 1 y^ f i t four means, with^ 

/ * * 

a maximum of six)fthe var iacrce accounted for by the revised mode.l is i a 

' T '• >- ■ 

'the range achieved by the two other m^jor models. In this particular' 
case, the fitted regression line has an intercept of i860 msec'y^ith a 
slope of 130 msec pej cofn[D|ri son/' The ^ove rail RMSD^is ^6 m?ec. 



Insert Table 5 about fere 



T^\e fit of the r^odel td the (fata is of course improved, if the *'above' 

» ' ' ' . • 

results and ^f*fe "b^low"- ifesul ts ar*e fitted separately. Predicted and 
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dbse rye* values ace given in fable 6. For 'the "above" 'resu 1 ts^^ * the . 
revi'sed mode^ accounts for 99. U of the'*var iance, witli an *RMSD of 2'8 
»msec. The slope of .the best fitting equation- is 136 msec -per comparison, c 
with an.interd^pt of l8.12 msec. -For the "belovy" results, the fit is 
almosj a_s good; the model- accounts for' 98^6%^^of thAi^^^^wi an 
RMSD of 29 msec. The slope of 120 msec per ^sQpffipar i|PB|^^* to ' 

the slope obtained with- the "above" results; however, t+ie* intercept for ' 
the "below" equati^on is 192& msQC,' substantially higher' than the 1812 '* 
obtained for the "aboye"^ sfra ight Ijne. ' ' ^ 
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In short^he revised rrodel-^its the ' problemat i c picture first data 
extremely well.- While "C^tlin and Jones are undoubtedJy VighT that afgu- 
ments abouf Variance .accounted may not er^able'us to con-firm any 
particulajr modej , the excellent fits obtained wi.th'the present revision 
certainly enable the model to pass the'first test of 54:if^K:iency. - 

, One fnigh^ argue ^that the p^resent assumptions detract from the simpli- 
city of th^arpenter and Just'modfel and ^re- ad hoc . While thfe#^ , 
'assumptions were propcysed* to account. for particular results*, fiwcT points 
can be made. Tfrst of all, the, assumptions are theoretic^il ly consistent- 

.:' * ^\ y : ■ " ".' ' ^, ■ ^ 

^with Carpenter and Jus t *s approach tQ irecdding In general,^ in which they, 
^propose that; recoding of a constituent requires one- compar i son operation. 
Secondly, the assumpt ions are a more restrictive version of the ones 
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Iidopted C I afjc, and Chase; who treat si^b}ect receding time as a free 
parame Moreovecr even with these assumptions, it is still the c^se 

th^t' the revised mb^el fits all date with on I >r one' 'par amefer (plus an 
intercept). 

This analysis does not demonstrate that the Carpenter and Just 
model is correct, or evep that it is to be preferred, over ^h€ Clark ^ 
and JChase proposal thi s paper asserts only thdt the Carpenter and Just 
proposal should not be rejected^for the reasons put forward by Catlin 
and Jones. One rather straightforward test of the Carpenter and Just 
proposal is a statistical o/ie. One could test the predicted NT/FT ratios 
of the original model and the proposed revision either by the calculation 
of Jtiaximum likelihood Ratios or by a s imple* t-test .* One could perform 
the latter by' computing NT/FT ratios for- each subject and then testing 
them against the Iheoret i ca I value. There are undoubtedly other -defin- 
irive tests of the model, but it seems fll-advised to reject it ©n the 
basis of results. which the-nK)del can assimi-late easily with'quite 
reasonable additt<i>nal 'assumptions. ' , '* 
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^ . , * ^, Sentence PictXire Cornpari sons* 

^ ^ " . ^ FoQl'nQtesi 

Requests fpr rep^rints should b^' addressed to the author whose address 
is Department af Psychology', -^Universi ty oi Illinois, ChampaTgn, IL 61820. ' 

Clark and Chase ffl-st noted, negation ti-me refers to the extra 
time to process a negative. Specifically, 

(BfT ■ ^ RT ^* * ^ ~ ^RT ' + R^T 
^ true negativas false negatrves/ y trug affirmatives f al se .^f f i-rma t ives > 

Similarly, falsification time 'is th^ extra timef required if the core pro- 
positions-mismatch, namely: ^ " ^ ' - ' 

( RT + RT ^ ~i"(rT' '* + RT ^ ' . " 

\ true negatives . false affirmatives/ \ false negatives " trye affirmatives^ 

' - ^z ■ ■ ' ' . ■ ■ . ■ 

These concepts are- di scussed fully in Catlin and Johes (197^).... 



: ' Working independently, Singer (1977) has proposed a somewha t^s imi lar 
account of the pi cture f i rst resu.lts for be I bw , although'hjs assumptions* 
require the postu lat ion' of addJtional parameters. 

V - ' ■ ■ .- ■ ■ 
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Table 1 

♦ 

Reaction Times and Error Rates 
fof" Sentences with Above as a Function of Order 



Sentence type 



Sentence 



Sentence-f i rst Picture^f i rst \ 



True af f i rmat-i ve"; 


St,ar 


is above Plus 


1500 


(6.2) 


- 1783 


('..7) 


False af f i rmative 


Plus 


is above Star 


1728 


(8.6)^ 


" 2130 


(6.8) 


False negative * 


Star 


^s^^' t a-bove Plus 


22'»6 


(10.1.) 


"235'» 


(11.2) 


True negative 


Plus 


■ ' It 
Tsn ' t above Star 


2269 


(•17. M • 


-. 26li» 


('19:5) 

» 


/ 




Negation time 


= 6i»3. 


5 


527. 


5 . 






Falsification' time 


= 125. 


5 


303. 


5 






NT/FT 


= 5 


13 


1 


1^ 



. ^iote . Adapted from Clark and Chase *;(1972), Experiment 2. 
Reaction times are in msec. 

^Erro^ rates are jn parentheses* 
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Table 2 . .* . 

Reaction Tirfves ^nd 'Error Rates 
for Sentences with Bejcw as a Function of Order 



Sentency type 




Sentence. - 


Order 


a 






Spnfpncp~fir<it'^ • 


P icture-f irst 


True af f i rmat i ve 


?lus 


is i>elQw St£r 


1681' (7.?) 


2139 


(12.8) 


Fal se aff i rma t i ve 
• 


"Star 


is bei low Plus 


1838 (7.0) 


2077. 


y 

'(7.6X 

> 


RaTse negati ve ^. 


"Plus. 


i sn' t be how Star 


23t9' (13.3) 


2678 


■ii6:7*) 


True negative 


'star 


i sn' t below Plus 


2337 (1'»''.3), 


2i»99 


(1^.6) 




•> 


Negation time. 


= 568.5 


i»80. 


5' 






Fa 1 s i f i ca t i on t ime 


= 87.5 ^ 


-1?D. 


5 






NT/FT 


=; .6.50 


-3. 


99 






f 









No t'e . Adapted from Clark^and Chase ( 1-^2) , *Exper i men t 2. . 
.Reaction times are in msec. ' v 



E^ror Rate^ are in parentheses. 



Tabfe 3 ' / 
idictioffs for Sentence F-irst ConditTon 



■/, . 



* Sentence 



k Sentence 
r^pre&entat ion 



Picture 



Pi c'ture 
represerttation 
^ r-^, 



Compar i son 
X)perat i ons 



Number of 
compear i sons 



True affirmatives 


The 


srar S 


Fa^e aff i ffftat i ves »• 
y 


The 


pi us i 


, .* ' * * 
Fal^e negatives 




star i 


True ne^atWes 


« The 


plus t 









(!) 



(Star atJbve plus) 

(Sjar *bove plus) 

^Star above plus) 

(S'par above'plus) 



k + 1 



k * h 



+ k 5 



Note. Adapted from- Carpenter ^nd 'Jusr tl>75) -T" '4'* ^ r . - . 

'Meoatlon time: (k ♦ 5?.^ (k » ' V ill ♦ t' (k -k 0)J • Fa^^ t f i dagon /t Kme i-t jk -hS) fe'Ck 1 ) - [(k-^ 

. "^rr \ . J — - ^ ' - V , .*r-^ — I 2 



^) ^ (k ^ 0)] - t 

V ' 1 



f 



*i9. • 



o ■ 
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00 



o 



c 

- -I 

.0 

o 

• Of 



o 
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Table ^- 

PredictJOns for Picture ftrst Condition 



' 7* — , 

Type*^f 
problem ^ 


Picture 


Picture - 
representation 4, 




t 

Sentence ^ 


Sentence 
ret)resen,tat Ton 


Recoding 
reqxii red (r) 


Compar l&on 
operat lor^s 


Muiiiber of 
cofnpar i sons 






— 1 








Sentences wi th 


above^ 
















True af f i miat ives 




(Star ^bov^ plus) 


The star 


1 s above the plus > 




T(Star above plus) 


Mone 


+ 


+ 




k 






False afr^Miives 




k(Star above pids) 


The plus. 


i s above» the star 


T(PIus above star) 


T(Star below pluS) 








k + 1 ♦ r • 








* + 


+ 




k + 2 






FaUa negativa^ 




• (Star above plus) 


The star 


J sn' t above the plus 


F(T[Star above plus]) 


Hone ^ 


♦ 


+ 
+ 


+ 
+ 


k + 


%* 




Trua negative*-^ 


0. 


(Star above plus) 


f.The pips 


isn't above fhe star 


F(T[Plus above star]) 


F(T[Star below plus]) 


+ 


+ 


+ 
+ 


k + 5 + r • 
k ^ 6 
1 










f • 




Sentences with below^ 


r 














True ^af f { naat ives 


C) 


(Star above fJlus) 


The plus 


IS below the star 


T{Plu5 ^low star) 


T(Star above plus) 

c 


+ 






k ♦ r ♦ 


2 





False af f i rtiiat ives 



False negatives 
negatives 



^ False 
T^i^n 



0 
0 
(!) 



(Star above plus) ' The >tar is below the p1u( T(Star below plus) 



Hone 



(Star above plus) The pluS' isn't below the star F(tLPIus below star]) F(T[Star above plysj) ^ 
(Star above plus) The itar Isn't below the plus F(T[Star below plus]) Hone 



k. * I ♦ r ■ 

• « 

k * * r - 
k * 6 % " 

k * 5 



*Stentances with ahiove {r_ -»^l). Sentences with below ■ 2) 

'^rr/FT Ratio: Negation time (ks ooiitt^d) (6 * M) - j(2 * 0) . Falsification time (ks omitted) '(6 * 2) - jk * 0) ^ 
St/FT (Utlo- *»|egatiOh time (ks>omitted) v(5 f 6) - r(l 2) ' . falsification time (ks omitted) ($ *l) - (6 *2) ^ _^ 
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D 
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3 
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Table 5 



Fit of thje Revised Model to Picture First Data 



\ of Oark and Chase (1972) 
Including Sentences with ''Above" ancf^'Bel 



ow 



Sentences with "above'* Sentences wiyi "below" 



Type ot^roblem 



Observed Pred icted 



Observed Pred i cted 



True affirmative 

A ■ ■ 

Fa 1 se af f i rmat i ve 


1783 
^ 2130 




i860 ' 
2121 


2139 
2077 


2121 
1991 


False negative 


23A9 




2381 


^678 


2642 


True negat i ve 


26li+ 




2642 


,.2'»99 


2512 ' 


Note. Intercept 


= i860 


msec 








Slope 


= 135 


rasec 








r 


= .S87 










RMSD 


= 46 


msec 
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Table 6 


t 

• 




Fit of 


the Revised Mod^J to Picture 


First Data 






\ 

Of Clark 


»* 

and Chase (1972) 




Separately for "Above" and "Below" 


Sentences 


• 


Type^ of problem 


' a ' 
Sentences w^th ''above" 


Sentences 'wi th "be^low"^ 


Observed 


Pred i cted 


Observed 


Predicted* 


True af f i rma t i ve 


1783 


1812 




2168 


•Fa Ise af f i rrnat^ ve 


2130 


2083 


- 2077\ 


20i»3 


False negative 


23^9 


235^ 


2,6-^6^ 


26i»9 


True negative 


2614 


2625 


2499* 


2528 


^Intercept = 


1812 msec 








Slope = 1 36 m|^c 
" r = .996 
RMSD = 28 msec 








Intercept = 


I92S msec 








^ ^ S ] ope^ = 


1 20 msec 








r = 


.993 


• 






RMSD = 


29 msec 
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